It has not been fully clarified whether exercise blood pressure (BP) in young adult men and women is useful to predict future BP, especially in Asian people. A longterm prospective study was conducted in graduates of a medical school in Japan; 138 men and 76 women whose mean age was 19.8 and 19.2, respectively, at baseline. A 5-min exercise tolerance test was performed at baseline, and BP immediately after exercise was measured. BP at 50% intensity exercise was also calculated. Multiple regression analysis was carried out to clarify the relationship of exercise BP at baseline to follow-up BP after an average of 12 years. In multivariate-adjusted models, the relationship of systolic blood pressure (SBP) at follow-up was stronger to SBP immediately after exercise (F ¼ 7.7, P ¼ 0.006) than to resting SBP (F ¼ 3.7, P ¼ 0.055) in men. The models in men showed that SBP immediately after exercise was a stronger predictor of follow-up SBP than SBP at 50% intensity exercise, and the results were similar for diastolic blood pressure (DBP) in men. For SBP in women, resting SBP was the strongest predictor of follow-up SBP (F ¼ 14.3, Po0.001), and exercise SBP was not significant predictor. For DBP in women, any DBP at rest or after exercise was not significantly related to DBP at followup. In young adult men, SBP and DBP immediately after exercise would be a stronger predictor of future SBP and DBP rather than BP at rest. However, in young adult women, resting SBP rather than exercise SBP would be better to predict future SBP.
Introduction
Hypertension is one of the main risk factors of arteriosclerotic diseases, and large-scale epidemiological surveys have also shown that higher blood pressure (BP) in young adults was significantly related to the incidence and mortality of cardiovascular diseases. [1] [2] [3] The prevention of hypertension in young adults has been recognized to be important.
It is known that BP markedly increases during exercise in hypertensives, but recent studies showed that among normotensives, individuals who show elevation of BP during exercise are more susceptible to hypertension in the future. [4] [5] [6] [7] [8] [9] Almost all prior studies have been carried out with middle-aged men as subjects, and the number of reports on long-term follow-up of young adult men and women is very small. For Asian people including Japanese, there have been no long-term studies of young adults on the relationship between BP elevation after exercise and future hypertension. Moreover, although several indices have been proposed with regard to BP during exercise (eg the absolute BP value immediately after exercise, elevation degree obtained by subtracting the resting BP from the pressure immediately after exercise, BP measurements at the same exercise intensity), opinion is controversial as to which of these is the most useful in predicting future BP.
Despite the difficulties in executing a follow-up study on the long-term health of young adults, some long-term follow-up studies have been carried out with graduates of medical schools, because of the ease of collecting precise medical information from such subjects at follow-up. 2, 10 In this study of medical doctors, we investigated the relationship between the exercise BP measured at their admission into medical school, and that measured approximately 12 years later, with the objective of verifying whether exercise BP in young adults can be independent predictor of future BP.
Materials and methods

Study subjects
The study subjects were from a total of 473 medical students with entered the medical school of one university in the Hokuriku region of Japan during a 5-year period from 1988 to 1992. All students underwent both regular health examination and exercise electrocardiography on admission. Of these, 419 had complete data on resting BP, resting heart rate, and BP and heart rate immediately after a 5-min ramp exercise tolerance test. Excluded were 49 who left school and five who died while students (two suicides, two traffic accidents, and one malignant neoplasm). Consequently, a total of 365 subject were selected for a questionnaire survey on resting BP 10-14 years later, and 223 subjects replied to it (response rate 61.1%). Final analysis was carried out on 214 subjects (138 male and 76 female) excluding those who had given incomplete answer(s).
Test at admission
An exercise tolerance test was performed using a bicycle ergometer (SYSTEM 5RH, Combi Corporation, Tokyo, Japan) for 5 min as a ramp exercise tolerance test (progressive load method, in which resistance at the pedal increases linearly at a fixed rate) applying 150 W (70 cycles/min) for male students, and 130 W (70 cycles/min) for female students. The test period was from April to June every year, keeping the temperature in the ergometer test room constant, and staff used the same conditions and measuring equipment for 5 years. BP was monitored by an automatic BP monitor using oscillometric system (D-7455, Speidel & Keller, Germany). Resting BP was measured in the sitting position on the ergometer, after resting for 5 min. Heart rate was calculated automatically from the R-R interval of the electrocardiogram. BP immediately after exercise was measured in the sitting position just after stopping the exercise. Body mass index (BMI) was calculated as a measure of obesity. Two indices were used for the evaluation of increase in BP during exercise: 'BP immediately after exercise' and 'BP at 50% intensity exercise'. 'BP at 50% intensity exercise' means the estimated BP value when the physiologic load corresponds to 50% exercise intensity, taking into consideration the age and physical fitness of the subject. The index is calculated using the following equation, and applies for both systolic BP (SBP) and diastolic BP (DBP): 11, 12 50% intensity exercise BP ¼ ðBP immediately after exercise À resting BPÞ Ã ð50=KÞ þ resting BP where K stands for the subject's exercise intensity, calculated form the Karvonen equation as follows:
K ¼ ðheart rate immediately after exercise À heart rate at restÞ=½ð200 À age at admissionÞ À heart rate at rest Ã 100 This calculation presumes a linear increase in BP and heart rate during the ramp exercise tolerance test.
Follow-up
Follow-up was carried out in August 2001, which was 10-14 years (average 11.9. years) after the tests at admission. A self-answering questionnaire was mailed to the target group, where all of these were physicians. Respondents were requested to use a mercury sphygmomanometer or reliable automatic manometer to measure their BP after exactly 5 min of rest in the sitting position. DBP was measured at phase 5 of Korotkoff sounds. Although we requested two measurements of BP and heart rate, eight respondents (4%) omitted the second measurement. Therefore, the first BP measurement was used in the analysis. We requested measurement of body weight wearing the lightest clothing possible. Questions were included on alcohol intake, the frequency volume of alcohol taken. The questionnaire enquired about diseases currently under treatment, and it was established that on respondent was undergoing treatment for elevated BP.
Statistical analysis
With regard to simple correlation analysis between the BP at follow-up and each factor, Pearson's simple correlation coefficient was calculated. Multiple regression analysis was carried out in order to clarify the independent relevant factors to the BP after 12 years. Significance level was estimated as 5% for all these statistical tests.
Results
Characteristics at admission and at follow-up
Results of the tests at admission into medical school and at 12-years follow-up are shown in Table 1 . The Exercise BP in young adults and future BP M Nakashima et al average age at admission was 19.8 years for male students and 19.2 years for female students, and age at follow-up was 32.2 years for men and 31.0 years for women. For men, resting SBP at follow-up was on average 2.2 mmHg higher than the measurement at admission, although the difference was not significant. No significant difference was found in DBP. For women, resting SBP at follow-up showed no significant difference from the measurement at admission, and DBP decreased significantly. Men showed a significant increase in BMI at follow-up, and women had a significant decrease in BMI.
Simple correlation analysis of resting BP at follow-up and relevant factors
Pearson's correlation coefficient for resting BP at follow-up and relevant factors, and results of statistical tests are shown in Table 2 . In men, resting SBP measured at follow-up showed a significant positive correlation with resting SBP at admission, with SBP immediately after exercise, and with SBP at 50% intensity exercise. The strongest correlation was shown with SBP immediately after exercise.
Resting DBP at follow-up in men showed strong correlation with resting SBP at admission. In women, resting SBP measured at follow-up showed the strongest correlation with resting SBP at admission. However, SBP immediately after exercise and SBP at 50% intensity exercise showed no significant correlation-in contrast with men. Resting SBP at follow-up in women showed a significant positive correlation with BMI, both at admission and at follow-up, but no significant correlation was found with resting BP or BP immediately after exercise at admission.
No significant correlation was found between BP at follow-up and other data such as the difference between BMI at admission and at follow-up, or any heart rate data, including resting heart rate at admission, heart rate immediately after exercise.
Multiple regression analysis on relevant factors to resting BP at follow-up
In order to clarify the relation between resting BP at follow-up and the relevant factors, the multiple regression analyses were carried out separately for men and women (Tables 3-6 ). Two models are shown including the two indices used for the evaluation of BP elevation, 'BP immediately after exercise' and 'BP at 50% intensity exercise', the objective being to determine which index has a stronger relation with the BP at follow-up. In addition, four items are included in the model: 'resting BP at admission' and three items to adjust the factors related to resting BP at follow-up: 'age after 12 years', 'BMI after 12 years', and 'alcohol intake after 12 years'. Exercise BP in young adults and future BP M Nakashima et al
Factors related to resting SBP at follow-up in men are shown in Table 3 . As shown in model 1, BP immediately after exercise at admission showed significant positive relationship (F ¼ 7.7) independent of resting BP at admission. This relation was also independent of age, BMI, and alcohol intake per week at follow-up. In model 2, where BP at 50% intensity exercise has been Exercise BP in young adults and future BP M Nakashima et al applied, independent and significant positive relationship (F ¼ 5.2) was shown, but the relation was weaker than BP immediately after exercise in model 1. Factors related to resting DBP at follow-up in men are shown in Table 4 . As shown in model 1, BP immediately after exercise at admission showed strong positive relationship (F ¼ 9.7) independent of resting BP at admission. This relation was also independent of age, BMI, and alcohol intake per week at follow-up. In model 2, where BP at 50% intensity exercise has been applied, independent and significant positive relationship (F ¼ 5.8) was shown, but the relation was weaker than BP immediately after exercise in model 1.
Factors related to resting SBP at follow-up in women are shown in Table 5 . As shown in model 1, resting BP at admission showed independent and markedly strong positive relation. This relation was also independent of age, BMI, and alcohol intake per week after 12 years. However, BP immediately after exercise at admission, which showed significant positive relation in men, had no significant relation in women. As in model 1, resting BP at admission showed independent and strong positive relation in model 2, but BP at 50% intensity exercise did not show significant relationship.
Resting DBP at follow-up in women is shown in Table 6 . In model 1, resting BP at admission and immediately after exercise at admission did not show significant relation. In model 2 also, resting BP at admission and BP at 50% intensity exercise did not show significant relation. BMI at follow-up showed independent and strong positive relation in both model 1 and model 2. This means that for resting BP at follow-up, current BMI was a more important factor than BP at baseline.
In Tables 3-6 , when including BMI at admission instead of BMI at follow-up as the explanatory variable, results were similar regarding relationship with resting BP at follow-up. Also, results were similar when analyses were restricted for subjects who measured BP twice and the mean BP of two measurements was used as BP at follow-up.
Discussion
Recent reports have shown that elevation in BP after exercise tolerance can be an independent predictor of future BP. A report from the Framingham Heart Study 4 showed that elevation of DBP with treadmill testing in middle-aged men and women was a predictor of hypertension after about 8 years. Matthews et al 5 also carried out a treadmill test with middle-aged men and found that subjects who showed rapid elevation in BP from the measurement at rest have increased hypertension risk after 4-12 years. In a study of Japanese subjects, Miyai et al 6 obtained SBPs corresponding to 50% relative heart rate through ergometer exercise test with middle-aged men, and by using its variation from resting BP, reported that subjects showing exaggerated BP response easily shift to hypertension after 5 years. Another large-scale follow-up of Japanese middle-aged men performed a Master's two-step exercise, and by analyzing onset of hypertension 5-16 years later, reported that both systolic and DBP 4 min after exercise were strong predictors of future hypertension. Exercise BP in young adults and future BP M Nakashima et al Studies in young adults have been rare but do exist. A study in Israeli healthy young men (average age 24.6 years) 8 reported that subjects who showed exaggerated BP elevation after ergometer exercise were at increased risk of hypertension 5.8 years later. The CARDIA Study in young adults (average age 25 years) 9 reported that BP elevation during treadmill exercise in white and black men and women was related to elevation of SBP after 5 years. For Asian people including Japanese, there have been no long-term studies of young adults on the relationship between BP elevation after exercise and future hypertension, and this research would be the first longitudinal study in Asian young adults.
Regarding evaluation indices for BP elevation during exercise, there seems no established theory on which index is useful. In this study, we compared two indices for BP elevation during exercise: 'BP immediately after exercise' and 'BP at 50% intensity exercise'. For the latter index, Miyai et al 6 supposed that the conventional evaluation method using as index BP under an absolute load does not take into consideration the fact that relative intensity (% intensity) of the exercise varies depending on age and physical strength of the subjects. In order to adjust for such variation they suggested the use of 'BP at 50% intensity exercise', which is the BP under the same physiological strength, that is, the same relative strength to all subjects. However, results of this study showed that BP immediately after exercise was more useful as a predictive index for future BP. Although there was no comparison of the two indices in the report of Miyai et al, the reason why our results differ from their hypothesis would include the following: the maximum cardiac pressure used to calculate 'BP at 50% intensity exercise' should properly be obtained from the maximum exercise tolerance, but as the maximum heart rate expected by age (220-age) was used as substitute, accuracy is not always high. 13 From our results, 'BP immediately after exercise' would be recommended as an index of exercise BP, as it is easier to obtain and is more convenient to apply in the field (eg school health). According to Tsumura et al, 7 who used the Master's two-step exercise test, both systolic and DBP 4 min after exercise were found to be strong risk factors for hypertension 5-16 years later. In our own study, we did not analyse BP during recovery, and further studies are required.
Another notable point in this study is that, in women, resting BP at follow-up did not relate to either of the two exercise BPs, but did show a strong relationship to resting BP at admission. Regarding this point, a cross-sectional study in young adult women showed no difference in exercise BP elevation between borderline hypertensives and normotensives, leading to the conclusion that indices other than resting BP are not useful. 13 This and our results suggest that in young adult women, resting BP is an important predictor of future BP. Regarding this mechanism, it was postulated that women, when compared with men, release less catecholamine during exercise, causing a weaker BP response. 13 Another possibility would be that the difference in vasodilator action of oestrogen and muscle volume is involved. Further studies are required to clarify the relationship between gender and the mechanism of BP elevation.
Recent studies have used three exercise techniques: treadmill exercise, ergometer exercise, and Master's two-step exercise test. Among these, the ergometer exercise tolerance test would be preferred technique. Advantages include the possibility of maintaining a constant level of exercise intensity even with some change in pedaling, and reduced movement of the arms and trunk, which enables immediate measurement of BP during and immediately after exercise. Because it was reported that BP returns to normal levels soon after stopping exercise, 14, 15 the ergometer exercise tolerance test allows reliable values of BP to be measured immediately after exercise.
One advantage of this study is that the subjects were medical doctors from whom precise data can be expected at follow-up. There have been successful previous epidemiological studies in the UK 2 and the United States 10 following medical school graduates, obtaining high reliability at follow-up as the subjects were medical doctors. In our own study, BP measurements were obtained from subjects who were medical doctors, and we believe that the measured values at follow-up have high precision. The difference in BP measurement methods between baseline and follow-up is a limitation of this study, although the accuracy of oscillometric method compared with Korotkoff method by mercury sphygmomanometer as gold standard would have been established so far. 16 On the other hand, the response rate in this study was only 61.1%, and we cannot deny the possibility of selection bias. However, when comparing the nonresponding group with the responding group, no significant difference was found in the average BMI, resting BP, or BP immediately after exercise at admission for both men and women. Therefore, there would be no special bias in the group followed up.
In conclusion, in this 12-year follow-up study of young adults, BP immediately after ergometer exercise in men and resting BP in women showed a strong relation with resting BP at follow-up. Therefore, in men the measurement of BP response to loads such as an exercise tolerance test is a better predictor of future BP than is resting BP, but in women resting BP is a better predictor of future BP. In the group at high risk of elevated BP, it would be necessary to prevent future hypertension through appropriate life-style modification.
